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Abstract 
This project deals with the technique of measurement of current in power transmission lines without the need for actual contact 
with the wires. Magnetic fields emitted by the wires are sensed using hall-effect based magnetic field sensors. Signals from these 
sensors are utilized for computing or 'reconstructing' the currents. Algorithms are developed in Matlab to facilitate the 
computation process. The algorithm also considers the challenge of interference due to Earth's magnetic field and stray magnetic 
fields. The study is performed on a scaled down model of a three phase three wire power transmission line configuration. This 
technology is aimed at improving the flexibility and portability of present day current measurement technology related to power 
transmission lines. They can be used as a secondary or temporary measurement system to complement measurements from the 
current transformers (CT) or be installed in places where CTs are absent. As the measurement system will be completely isolated 
from the power lines, they possess numerous advantages. 
© 2015 The Authors.Published by Elsevier Ltd. 
Peer-review under responsibility of Amrita School of Engineering, Amrita Vishwa Vidyapeetham University. 
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1. Introduction 
To study a physical process or perform any experiment, measurements are very crucial. It is no doubt that 
measurement techniques in themselves are a wide area of study. But measurements often depend on operating on the 
variable of interest directly and end up disturbing the process in one way or the other. The disturbance is often 
sufficiently small that it can be overlooked or compensated, e.g. energy meters used for recording the power 
consumed by a circuit, themselves consume energy from that circuit for their operation.  
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With measurements involving currents, the branch that contains the measurement equipment needs to be altered 
when they are removed or added to the circuit.When the measurement technique is made non-intrusive in a way that 
they can be removed or added onto the process, it simply offers greater flexibility and obviates the need to operate 
on the whole process to work on the measurement instruments. 
1.1. Non-Contact Current Measurement  
Non-contact current measurement techniques have been in use for quite a while. The general working principle is 
to measure the magnetic field that is a resultant of the current flow in a branch (of a circuit) and analyze it to 
estimate the current that would have given rise to it. These techniques are generally employed for circuits operating 
in relatively low powers. Current transducers are employed for the measurement. Ampere's circuital law is the basic 
working principle. It generally involves ‘clamping’ around the conductor and reading effective magnetic field, with 
voltage proportional to the field being produced as output. These are called Clamp-On probes. There is a definitive 
need to place a closed loop of conductor around the wire of interest to measure the current. It is a fairly prevalent 
technology and a reliable one. While there are current-clamps that can measure hundreds or thousands of amperes, it 
is fairly impractical to use them on wires in systems that have such currents. This should not be confused with 
numerous strands of wires with small current that give rise to apparent high current. Unless carefully chosen 
protective equipment is in place (either worn by the person or the circuitry is well isolated from direct contact), it is 
often hazardous to be in proximity to such circuitry even when it is at “low voltage” (<1000 V). At high voltage it 
becomes increasingly hard to install such sensors without isolating the system, and the sensors need to withstand the 
high voltage during operating. A classic example for this scenario is the power transmission lines. Occasions can 
arise wherein, there might be a need to measure currents in them by non-contact method. When such high voltage 
(and high current) lines are to be measured for their currents by conventional contact method, it becomes a 
challenge.  
1.2. Current measurement in Power Transmission Lines 
Today, current transformers (CT) are employed for measuring currents in power lines. They are very much 
sufficient and reliable for regular (and steady state) operating conditions of the power transmission lines. But during 
faulty conditions, the cores of the transformers can easily saturate and give erroneous readings. Currents in the line 
can often get distorted due to non-linear loading. Hence, spikes, surges, sags in current are events that can occur 
often. It is then important to capture such transients for various analysis pertaining to the power system. 
Conventional measurements of current (or voltage) in a power system involve sensors with parts that operate at the 
high voltage of the system’s conductors. These typically require isolation of the system for their installation and 
maintenance, and if they also have parts that operate and ground potential then they become additional points in the 
system where insulation failure may happen.    
1.3. Scope of the work  
The proposed non-contact current measurement technique aims at intervening at this point. The study is aimed at 
tapping magnetic fields in open space at a point and compute currents that gave raise to them. There will be no need 
for forming a closed loop around the wires as in clamping. The necessity to go in proximity to the wires for the 
clamping is obviated. This means that one can stay at the very bottom, between power transmission line towers and 
with pointing of magnetic probes in open air, one can very well estimate the currents in them. This can contribute in 
providing a great amount of distance between electrical work personnel and the wires when he or she needs to 
measure currents manually. This very distance can bring great advantages. As opposed to a CT, the field sensors 
(here, hall-effect based sensor is used [1]) are light and very small in size that they can fit in one’s palms. Therefore, 
high portability, flexibility and mobility in measurement on an as-when-required basis can be expected. The 
proposed non-current measurement technique can complement the existing CTs for a more comprehensive 
measurement involving the sturdiness provided by a CT and the extensive information regarding transients provided 
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by the field-sensors. The scope of the project is to obtain the magnitude and phase information of the constructed 
scaled down three phases power system model. 
1.4. Challenges to expect in non-contact current measurement  
While non-contact current measurement sounds simple on logical basis, it is difficult when it comes to 
application. Since it purely relies on the emitted magnetic fields from power lines, other stray magnetic fields affect 
the measurement severely. This applies to the measurement technique based on measuring magnetic fields on points 
in space rather than enclosing mechanisms such as 'clamping'. In clamping method the fields outside the enclosed 
area are cancelled out (Ampere's Circuital Law). The Earth has a static magnetic field which also comes into picture. 
It offers a 'shift' or 'offset' to the entire recorded oscillating magnetic field due to the power lines. The measurement 
has to be made overcoming and addressing all these interference. Power substations monitor magnetic-field levels 
very strictly and make sure they don't exceed certain threshold values for concerns in health [2-3]. Such low 
magnitudes of the field of interest (the field from power lines) will prove hard to be tapped from the ground level. 
2. Theory 
This section describes the mathematical modelling of the system, the theory behind the calculation and the 
necessary approximations made for the modelling and computation.Fig. 1 describes the system set up in space. 
Three set of wire loops are approximated to three separate wires (and hence three separate phases) as the current in 
individual strands of the loop are from the same source and also as the measurements are made at a distance which 
is greater than the cross-section of the individual phases. 
 
 
 
Fig. 1. Front and side view of the system set-up 
Nomenclature 
L Length of the wire segment  
h  Height from the ground 
D Distance of separation between the wires  
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The resultant magnetic field will be the sum of (2), (3) and (4) 
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A is a 2x3 matric containing the parameters from (2), (3) and (4) 
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The phase can be calculated as follows 
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The system can thus be formulated as... 
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3. Implementation  
3.1 Test setup 
 
This section extensively describes the equipment and algorithms used for the experiment. The power 
transmission line model is set-up in the laboratory. It is achieved by winding three separate wires for three phases 
over a wooden box (see Fig. 2). Wires are looped for 18 turns to produce magnetic fields about 170 microtesla at a 
distance of 17 cm from the center wire with about 5.6 A (rms) of current (three phases). If each strand of wire 
carries 5.6 A, with 18 loops it is approximately 100 A. A wooden box is chosen specifically because it does not 
contribute or disturb the magnetic fields produced by the wires. The wooden box is [140 cm x 40 cm x 60 cm].  The 
distance of separation between the wires are 20 cm. The length of the conductors are 140 cm on the top face. Three 
separate transformers energized by three phases of the power outlets act as power sources for the transmission line 
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model. They are connected in the star (Y) configuration. This is done to ensure that the lines are well balanced by 
checking the return current in the neutral wire. The return current was 9.5 mA when 5.6 A was present as the line 
current. It is highly important to have a minimal return current. It not only indicates a well-balanced circuit, but also 
ensures magnetic field does not arise from the return path and affect the main field. This is well explained in [4]. 
Line inductance and capacitance were not taken into account as they would affect only the current values and are not 
related to the magnetic fields which are of interest. They are also insignificant with such small a set-up. PICO 
TECHNOLOGY TA167 Current Probes are employed in the set-up to monitor currents for reference. These 
reference values are used against which the computed values can be compared to. Three of these clamps are used to 
monitor the three phases individually. A National Instruments USB-6251 DAQ (data acquisition module) is used to 
interface the measurement to the computer. The analog outputs of the sensor and the current clamps are fed into the 
DAQ. The DAQ captures data from all these inputs simultaneously and the captured values can be manipulated via 
matlab. Having a universal time stamp to all the variables (phase currents and the magnetic fields) will enable easy 
identification of a value of field to be associated with the current that gave rise to it. The DAQ also allows for very 
high sampling rates. In the experiment, all the signals involved is sampled at 8000 Hz. A high sampling frequency 
rate is used to capture all the events (in the source current) during the experiment. The study involves the application 
of a Gauss-Meter (or magnetic-field meter) for monitoring the fields. F.W.BELL 5180 SERIES GAUSS METER is 
employed. The meter comes equipped with a single axis 3 tesla probe.  
 
3.2 Algorithm  
 
From the matrix Ain (8), it is evident that for obtaining current values in all the three phases, the left hand side 
must contain at least 3 measurement entries. The greater the number of measurements, the more accurate the 
computed result will be. If sufficient data-points are unavailable, it becomes an under determined system. Taking 
more measurements will also help one in identifying the signal of interest over external stray noises. The currents 
can then be easily formulated from the matrix. When more than one measurement is taken, equation (8) expands to 
equation (9). In (9), n is the number of the position where the measurement was taken. It should be noted that each 
position here has two measurements - one in the y direction and another in the z direction (see Fig. 1) 
There are different ways of obtaining the system (8). The easiest method would be to measure the magnetic field 
with many sensors in different places simultaneously. The more points the better. However, this is impractical and 
an expensive method. As there is the availability of just one probe, the probe is moved to five different locations for 
recording the field in two axes (here, y and z axes according to Fig. 1). There will be time interval when one moves 
the mobile sensor from point to point. Hence, blocks of data must be taken for them to be analyzed. The values from 
one of the current probes can be compared with the mobile field-probe values to make sure they are synchronized all 
the time. This can be done as the waves are periodic and the current is assumed to be in steady state during 
measurement. Although at different points in time, each sample from the different field measurements can be 
mapped to one single cycle of current value as it repeats itself periodically. This technique can mimic the presence 
of many number of probes. It gives an impression as if the different values of fields at different locations were 
Fig. 2. The scaled down power transmission line model 
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caused by the same set of currents (of the three phases). The measurement positions were (0, 0.22, 0), (0, 0.12, 0), 
(0, 0, 0), (0, -0.08, 0), (0, -0.18, 0) - See Fig. 2 for test-setup and Fig. 1 for coordinates. Conductor positions can be 
seen in Fig. 2 where d=0.20 m, h=0.17 m, L=1.40 m. In the y-z plane, the coordinates are (-0.2, 0.17), (0, 0.17), (0.2, 
0.17). All coordinates are in meters [m]. 
After computation the resulting waves are subjected to filtering by a Butterworth filter of second order with lower 
and higher cut-off frequencies of 47 Hz and 53 Hz. The current is then finally calculated by the method of least 
squares approximation applied onto system (8). 
4. Results  
4.1 One-Phase measurements 
 
Initially, to test the algorithm and evaluate the performance of the sensor, measurements were taken by injecting 
current only in one of the wires (specifically, the middle conductor). By placing the sensor in the middle of the box, 
(0, 0, 0) one can see that the relationship between the magnetic field and the current is a scalar. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. The computed currents depicted for one phase, and three phases along with their frequency component. 
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4.2 Three-Phase measurements 
 
Similar to the one phase experiment, the amplitudes of the reconstructed currents were clearly way off from the 
actual currents. This was an expected outcome (more in section Discussion). The results of the phase calculations on 
the other hand seem very promising with an error under 5% for measurements from 5 points. The phase between the 
reconstructed currents was ɔͳ=1240, ɔʹ=00 and ɔ͵= -1240. This is to be compared with the actual phases which 
were 1210, 00 and -1190 respectively. 
5. Discussion 
On observing the results, one could see that there is severe error in the magnitudes of the computed current. This 
is due to the probe. The probe which was employed in the experiment was a 3 tesla probe. But the magnitudes of 
magnetic field meant to be measured were in the order of microtesla(s). The probe was clearly not designed to be 
used for such ranges of the field. The actual field was about 170 microtesla but the probes registered only about 25 
microtesla. This discrepancy in the magnitude is carried along the entire computation and results in a significant 
error.  
The probe is a single axis probe. This means that during the experiment, each position's measurement involved 
manual intervention and altering the position of the probe to measure the other axis. This will naturally give raise to 
positional errors. The probe delivers the other axis readings from a slightly different position. If the probe was 
equipped with two axis or three axis functionality, this mode of error being induced would not exist.The experiment 
has been performed with an incompatible probe for the range of field measured. This probe was chosen due to 
failure in the halfway of the study of a fairly sensitive probe which was employed earlier. But the results nonetheless 
look promising that non-contact current measurement can be achieved indeed from a point based measurement too 
(as opposed to current-clamps). Subjecting the computed wave to frequency domain analysis, it had a DC offset 
(contributed by the Earth's magnetic field) as expected and the second most significant component was the 50 Hz 
component. The wave was filtered to portray the results as indicated by Fig. 3. The DC component therefore was 
removed post-computation. The same applies to the disturbances caused by stray magnetic fields. Addressing of 
these issues in pre-computation can be taken up and studied further.Future work could involve extending working 
with more sensitive probes to confirm the possibility of better results. If two probes (each being two axis probes) can 
be simultaneously interfaced to a magnetic field-meter, only two readings would be required to obtain the current in 
a power transmission line. 
Employing a filter post-computation for the actual current will wipe out all the transients from the picture. Efforts 
to keep them intact should be investigated. The employed probe gives rise to errors also due to inconsistency in 
position. But in real world scenario, this cannot be monitored continuously. If such precision is to be maintained, the 
whole measurement system becomes impractical for employment. The algorithms must make the computation 
impervious to such minor inconsistencies. 
The saggy-shape of the real world power transmission line must also be taken into account when developing the 
algorithm for a real world scenario [5]. The concept of ground-reflection should be discussed when the context is 
power transmission lines. The effect of proximity of ground and the transmission lines and the losses in the power 
lines associated with it significantly can affect the calculation [6].  
5. Conclusion 
In summary, a scaled down power system model has been put together, a matlab program has been written to 
calculate the currents in three conductors representing the three phases of the power transmission line. And the 
phases have been obtained with an error percentage under 5 %. The study brings a conclusion that it is very much 
possible to obtain the picture of actual currents in a power line with comparable accuracy using point measurements.  
If suitable equipment and a more comprehensive algorithm to address the interference come together, a new 
technology that can change the way non-contact current measurement is performed on the power transmission lines 
can be very much imminent. 
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